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Objective: Recently, failure to rescue (FTR; death following major complication) has been shown to be a primary driver of
mortality in highly morbid operations. Establishing this relationship for open and endovascular repair of abdominal
aortic aneurysms may be a critical ﬁrst step in improving mortality following these procedures. We sought to examine the
relative contribution of severe complications and FTR to variations in mortality rate.
Methods: We examined endovascular aortic repair (EVAR) and open aortic repair (OAR; n [ 3215) performed in 40
hospitals participating in the Michigan Surgical Quality Collaborative from 2007 to 2012. Hospitals were ﬁrst divided
into risk-adjusted mortality tertiles. We then determined rates of severe complications and FTR within each tertile.
Results: For EVAR, risk-adjusted hospital mortality rates varied signiﬁcantly between the lowest and highest tertiles
(0.07% vs 6.14%; P < .01). However, while major complication rates were almost identical (9.0 vs 9.8; P[NS), FTR rates
were about 35 times greater in high-mortality hospitals (4.0% vs 33.3%). Similar associations with mortality, severe
complications, and FTR were seen for OAR as well. The most common complications that led to FTR events were
postoperative transfusion (OAR 29.8% vs EVAR 5.8%) and prolonged ventilation (OAR 18.2% vs EVAR 1.0%). The
average number of severe complications per FTR event was 2.85 and 2.66 for OAR and EVAR, respectively.
Conclusions: FTR appears to drive a large proportion of the variation in mortality associated with abdominal aortic
aneurysm repair. The exact mechanisms underlying this variation remain unknown. Nonetheless, FTR is inﬂuenced
by the structural characteristics and safety culture related to the timely recognition and management of severe compli-
cations. Hospitals that are unable to effectively handle severe complications following EVAR or OAR require close
scrutiny. (J Vasc Surg 2014;59:909-14.)Severe complications following open and endovascular
abdominal aortic aneurysm (AAA) repair are common
and often serve as instigating events for postoperative
mortality.1 Although medical and surgical complications
have decreased in the era of endovascular aortic repair
(EVAR), pneumonia, myocardial infarction, and other
surgical-related complications continue to occur commonly.
While operating on high-risk patients makes some of these
complications inevitable, preoperative risk remediation,
early recognition, and appropriate management could be
the key to improving mortality. Recently, failure to rescue
(FTR; death following a major complication) has been
shown to underlie postoperative mortality variation in
high-risk general surgery procedures.2-4 Understanding
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Investigation of the relationship between FTR and
mortality in vascular surgery remains in its infancy. To
this point, much of the literature discussing outcomes in
vascular surgery has focused on well-established, volume
outcome relationships.5,6 These studies do little to explain
granular causal factors and lack direction for improving
outcomes at lower-volume sites. The current study ad-
dresses the question by investigating the potential associa-
tion between mortality and FTR in AAA repair.
To explore the potential relationships between FTR
and mortality, we examined prospectively collected data
from a statewide surgical quality collaborative. We hypoth-
esize that FTR underlies mortality differences between
high- and low-mortality hospitals for repair of AAA.
METHODS
Data source and study population. Data were ob-
tained from the Michigan Surgical Quality Collaborative
(MSQC) prospective clinical registry. The MSQC repre-
sents a partnership between two entities: Blue Cross and
Blue Shield of Michigan and 52 Michigan hospitals. This
project followed standard data deﬁnitions and collection
protocols as we have previously described.7 In brief, data
collection occurs at the hospital level by speciﬁc MSQC
data-collection nurses. Inter-rater reliability is assured
through rigorous training of staff and data audits per-
formed at participating sites. All available variables were
collected, including patient demographics, preoperative909
Table I. Patient demographics: Comparisons for
signiﬁcance represent low-mortality tertile vs high-mortality
tertile
Variable
Low-
mortality
tertile, %
High-
mortality
tertile, %
Signiﬁcance
(P value)
EVAR
Age, years 73.2 73.8 .16
Gender, % male 79.9 80.5 .75
Emergent 5.1 4.9 .89
Comorbidity
Diabetes 12.6 17.8 <.01
Renal failure 0.54 0.98 .36
Congestive heart failure 1.6 1.1 .49
Chronic obstructive
pulmonary disease
18.1 17.9 .96
Hypertension 79.4 79.2 .96
Race
Caucasian 84.9 90.2 <.05
African American 7.7 5.3 .06
Other 0.54 0.22 .30
Unknown 6.7 3.9 <.05
OAR
Age, years 71.5 70.5 .32
Gender, % male 71.3 65.0 .20
Emergent 21.5 23.7 .61
Comorbidity
Diabetes 16.0 7.7 <.05
Renal failure 0.84 0.70 .88
Congestive heart failure 1.3 0.70 .60
Chronic obstructive
pulmonary disease
17.7 13.2 .25
Hypertension 77.2 72.7 .33
Race
Caucasian 82.7 74.8 .06
African American 7.1 9.8 .36
Other 0 0.70 .19
Unknown 10.1 13.9 .26
EVAR, Endovascular aortic repair; OAR, open aortic repair.
P value signiﬁcant if <.05.
JOURNAL OF VASCULAR SURGERY
910 Waits et al April 2014risk factors, laboratory values, perioperative factors, and
30-day postoperative morbidity and mortality.
Patient selection. Data from patients undergoing
elective repair of AAAs from July 2007 through March
2012 were included in the study. Both elective endovascu-
lar and open surgical cases were identiﬁed via the following
current procedural terminology codes (34800, 34802,
34803, 34804, 34805, 35102, 35103, 35081, 35082,
35091, 35092). Hospitals with eight or more cases during
the study period were included. Using these criteria, cases
from 31 hospitals were included in the analysis.
Outcomes. The primary outcomes for this study were
30-day in-hospital mortality, major complications, and
FTR. We considered major in-hospital postoperative
complications as acute renal failure, postoperative bleeding
requiring transfusion, cardiac arrest requiring cardiopul-
monary resuscitation, deep vein thrombosis requiring
anticoagulation, myocardial infarction, stroke, pulmonary
embolism, unplanned intubation, prolonged mechanical
ventilation over 48 hours, pneumonia, and sepsis/septic
shock. This is in accordance with a list of major compli-
cations as has been previously described.8 Speciﬁc deﬁni-
tions can be found in the Supplementary Table (online
only). FTR was deﬁned as death in a patient with at least
one major complication.
Statistical analysis. In order to compare patient char-
acteristics, we used c2 and t-tests where appropriate. Risk-
adjustment models were developed using backward and
forward stepwise logistic regression that included preope-
rative variables such as patient age, gender, race, body mass
index, diabetes, smoking status, alcohol use, dyspnea, do-
not-resuscitate status, preoperative functional status,
chronic obstructive pulmonary disease, ventilator depen-
dence, pneumonia, ascites, congestive heart failure, need
for dialysis, hemiplegia, transient ischemic attack, stroke
with deﬁcit, disseminated cancer, steroid use, bleeding
disorders, chemotherapy, radiotherapy, sepsis, esophageal
varices, prior myocardial infarction, angina, hypertension
requiring medication, previous cardiac bypass, peripheral
vascular disease, American Society of Anesthesiologists
class, procedure, and prior operation.
We then ranked hospitals by risk-adjusted 30-day
mortality. Observed-to-expected mortality was multiplied
by the overall mortality rate to obtain the risk-adjusted rate
of mortality for each hospital. Hospitals were subsequently
placed into tertiles of performance based on risk-adjusted
mortality rankings. FTR rates, or the proportion of patients
experiencing mortality after a major complication, was
calculated for each tertile as an unadjusted value (number
of patients who died following severe complication/total
number of patients with severe complication). Given the
natural differences between traditional open surgery and
endovascular repair, we performed identical analyses on
these subsets of the study population. We performed an
additional subset analysis for emergent and elective proce-
dures as well.
Additional investigations of volume and outcome were
also generated. Case volume tertiles were computed for allsites, and risk-adjusted mortality rates were calculated using
the methods described above. These results are also
described below.
All statistical analyses were performed using STATA
statistical software (version 12.1; College Station, Tex).
This study was approved by the University of Michigan
Institutional Review Board.
RESULTS
Study population. We identiﬁed 3215 patients who
underwent AAA repair at all MSQC hospitals from 2007
to 2012. Of this cohort, 2440 (75.8%) patients underwent
EVAR, and 775 (24.2%) patients underwent open aortic
repair (OAR). Although both groups included emergent
repair of AAAs, the open group had a signiﬁcantly higher
proportion of emergent cases (20.7% vs 5.7%). Patients that
underwent EVAR were generally older (73.4 vs 71.0 years;
P < .01) than open AAA patients, but showed very similar
proportions of comorbid disease (Table I). Overall, there
were no signiﬁcant differences in percent emergent cases
Table II. Incidence of severe complications and mortality following severe complications following open aortic
repair (OAR)
Low-mortality
tertile, %
Medium-mortality
tertile, %
High-mortality
tertile, %
Signiﬁcance
(P value)
Incidence of complication
Acute renal failure 8.4 7.2 9.0 .82
Postoperative transfusion 27.4 32.4 25.8 .74
Cardiac arrest requiring CPR 1.26 3.3 6.3 <.05
DVT requiring therapy 1.7 2.3 2.8 .47
Myocardial infarction 2.5 4.1 3.4 .58
Prolonged ventilator (>48 hours) 16.9 19.7 16.8 .98
Pneumonia 10.5 9.6 11.1 .84
Pulmonary embolism 1.2 2.0 0.6 .60
Sepsis 6.7 5.1 7.6 .73
Unplanned reintubation 7.1 9.0 9.1 .50
Septic shock 3.7 3.8 7.6 .10
Overall 44.3 51.9 46.1 .72
Mortality after severe complication
Acute renal failure 35.0 50.0 38.5 .84
Postoperative transfusion 12.3 12.8 21.6 .21
Cardiac arrest requiring CPR 66.6 69.2 77.7 .73
DVT requiring therapy 0 0 25 .36
Myocardial infarction 50.0 18.8 40.0 .77
Prolonged ventilator (>48 hours) 20.0 22.3 29.1 .41
Pneumonia 12.0 10.8 12.5 .96
Pulmonary embolism 0 12.5 0 -
Sepsis 12.5 10.0 9.1 .79
Unplanned reintubation 17.6 14.2 38.4 .21
Septic shock 55.5 26.6 63.6 .73
Overall 9.5 15.5 27.2 <.01
CPR, Cardiopulmonary resuscitation; DVT, deep vein thrombosis.
Comparisons for signiﬁcance represent low-mortality tertile vs high-mortality tertile. P value signiﬁcant if <.05.
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vs 9.9% in high mortality). The mortality prediction models
retained predictive value and good discriminatory function
in open repair (area under the receiver operating character-
istic curve, 0.8367) and elective repair (area under the
receiver operating characteristic curve, 0.8406).
Overall mortality and mortality following AAA
repair. Overall risk-adjusted mortality rate for the entire
cohort (EVAR þ OAR) was 4.3%. Overall mortality for
EVAR was 2.7%. The mortality rate for emergent EVAR
(including rupture) was 24.6% vs 1.3% for elective repair.
Overall risk-adjusted mortality for OAR was 9.4%. Emer-
gent OAR showed an average risk-adjusted mortality rate
of 30.4% and 3.9% for elective repair. Overall rates of severe
complication varied signiﬁcantly between OAR and EVAR.
Risk-adjusted severe complication rates for OAR ranged
from 28.1% to 64% across MSQC hospitals in contrast to
EVAR, which ranged from 7.0% to 22.5%. Overall, 79.1%
(110/139) of mortalities following AAA repair were
related to FTR events.
Severe complications. Detailed information regarding
individual complications is depicted in Tables II and III.
The most common severe complications leading to FTR
occurrence were postoperative transfusion, as deﬁned as
$1 unit packed red blood cells within 72 hours of the
operation (5.8% EVAR and 29.8% OAR) and prolonged
ventilation $48 hours postoperatively (2.4% EVAR and18.2% OAR). Patients undergoing EVAR also had
unplanned intubation (1.9%) and myocardial infarction
(1.4%) as common complications. Patients who underwent
OAR had pneumonia (10.2%) and acute renal failure re-
quiring hemodialysis (7.9%) as additional common
complications.
Risk-adjusted hospital mortality, severe complica-
tions, and FTR. To investigate the relationship between
major complications and mortality at the hospital level,
FTR rates were calculated for each tertile of hospital
mortality within each surgical approach.
OAR. Fig 1 shows the relationship between hospital
mortality tertile in OAR, severe complications, and FTR.
Overall mortality ranged from 4.5% to 16.4% (P < .01) in
low- and high-mortality tertiles, respectively, with a
concurrent increase in FTR rates from 10.3 to 32.9 (P <
.01). Major complications were not signiﬁcantly different
across high- and low-mortality tertiles (45.1 vs 45.8;
P ¼ NS).
When stratiﬁed to open elective and open emergent
repair, similar associations between low and high hospital
mortality tertiles for mortality, FTR, and severe complica-
tions were seen, although relationships did not reach statis-
tical signiﬁcance.
EVAR. Fig 2 shows the relationship between hospital
mortality tertile in EVAR, severe complications, and FTR.
Overall mortality ranged from 0.07% to 6.14% (P < .01) in
Table III. Incidence of severe complications and mortality following severe complications following endovascular aortic
repair (EVAR)
Variable
Low-mortality
tertile, %
Medium-mortality
tertile, %
High-mortality
tertile, %
Signiﬁcance
(P value)
Incidence of complication
Acute renal failure 0.72 1.6 1.6 .13
Postoperative transfusion 5.1 6.8 5.2 .88
Cardiac arrest requiring CPR 0.18 0.72 1.1 .05
DVT requiring therapy 0.18 0.83 0.65 .20
Myocardial infarction 0.9 1.1 2.0 .11
Prolonged ventilator (>48 hours) 1.6 2.1 3.2 .06
Pneumonia 1.6 1.3 0.8 .18
Pulmonary embolism 0.5 0.4 0 .02
Sepsis 0.7 1.4 1.3 .29
Unplanned reintubation 1.8 1.8 1.6 .80
Septic shock 0.7 1.0 0.7 .93
Overall 9.0 11.5 9.8 .62
Mortality after severe complication
Acute renal failure 25.0 43.7 46.6 .46
Postoperative transfusion 3.28 16.9 33.3 .21
Cardiac arrest requiring CPR 0 85.7 90.0 <.05
DVT requiring therapy 0 0 0 -
Myocardial infarction 0 9.0 44.4 .07
Prolonged ventilator (>48 hours) 11.1 35.0 56.6 <.05
Pneumonia 0 15.4 37.5 <.05
Pulmonary embolism 0 0 0 -
Sepsis 0 7.1 25.0 .29
Unplanned reintubation 10.0 33.3 53.3 <.05
Septic shock 0 70 85.7 <.05
Overall 4.0 16.2 33.3 <.01
CPR, Cardiopulmonary resuscitation; DVT, deep vein thrombosis.
Comparisons for signiﬁcance represent low-mortality tertile vs high-mortality tertile. P value signiﬁcant if <.05.
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rent increase in FTR rates from 0.83% to 37.5% (P < .01).
Once again, severe complications were not signiﬁcantly
different across high- and low-mortality tertiles (11.6 vs
10.6; P ¼ NS).
When stratiﬁed to EVAR elective and open emergent
repair, similar associations between low and high hospital
mortality tertiles for mortality, FTR, and severe complica-
tions were seen. These associations did not reach statistical
signiﬁcance.
Volume associations. Volume-outcome relationships
were also investigated in both OAR and EVAR cohorts.
For OAR repair, annual case-sampled volume ranged
from 1.7 cases/year to 11 cases/year from low- to high-
volume tertiles (ﬁve centers performed >10 cases per
year). For EVAR, annual case-sampled volume ranged
from 5.5 cases/year to 29.5 cases/year (19 centers per-
formed >10 cases/year). When elective and emergent
cases were combined, the highest hospital volume tertile
for OAR demonstrated signiﬁcantly lower operative
mortality rates than the lowest volume tertile (9.1% vs
12.7%; P < .01). Hospitals performing EVAR within the
highest-volume tertile also demonstrated the lowest
mortality rates vs the lowest volume tertile (2.6% vs 3.4%;
P < .01). For OAR, the highest-volume tertile showed the
lowest rates of FTR compared with the lowest-volume
tertile (16.8% vs 23.9%; P < .01), while EVAR showeda reverse phenomenon (21.0% vs 15.0%; P ¼ NS) for FTR
and volume. Additionally, for severe complications in
OAR, the lowest-volume tertile had signiﬁcantly lower
rates of severe complications than the highest-volume
tertile (42.6% vs 50.6%; P < .01), while EVAR had no
signiﬁcant difference between volume tertiles (10.0% vs
9.2%).
DISCUSSION
FTR provides new insight into the mechanisms under-
lying outcome in AAA repair. Previous efforts to explain
hospital-level variation have focused on the overarching
topic of volume and outcome.5,6,9-11 Although volume-
outcome relationships have been well demonstrated, they
do little to delineate the granular mechanisms for hospital
level variation in mortality rates.5,6,9-11 High- and low-
mortality hospitals demonstrate almost identical rates of
severe complications following OAR and EVAR; however,
the same hospitals saw markedly different FTR rates. These
data suggest that efforts to recognize and manage postop-
erative complications may be an important target for
quality improvement (QI).
Not surprisingly, severe complications following AAA
repair appear to be a major driver of postoperative
mortality. Recent studies have demonstrated this relation-
ship for other major inpatient procedures including cardiac
and general surgery.2-4,12 High-volume, low-mortality
Fig 1. Open abdominal aortic aneurysm (AAA) repair (OAR):
Comparison of mortality, severe complications, and failure to
rescue (FTR).
Fig 2. Endovascular abdominal aortic aneurysm (AAA) repair
(EVAR): Comparison of mortality, severe complications, and
failure to rescue (FTR).
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aging severe complications, but work toward elucidating
underlying mechanisms is just beginning. As the
pendulum of vascular surgical research begins to swing
toward QI initiatives, regional vascular surgery QI collab-
oratives such as the Michigan Vascular Intervention
Collaborative (VIC) and collaboratives included in the
Society for Vascular Surgery Vascular Quality Initiative
(SVS VQI) are uniquely positioned to study, understand
and improve processes related to FTR.13 By pooling
resources and increasing regional partnership, local
patterns of care can be understood; benchmarks estab-
lished and novel approaches to improving vascular care
can be implemented.
Avoiding FTR events requires a move from reactive to
proactive surgical care. Owing to the high rate of severe
complications following both EVAR and OAR, these oper-
ations may serve as the perfect model for this type of
preventative change. Previous studies have shown that
increased hospital technology, teaching status, hospitals
with greater than 200 beds, and increased nurse-patientratio are highly associated with improved FTR rates across
hospitals.14 In targeting high-mortality hospitals, interven-
tions aimed at increasing technology and optimizing nurse-
patient ratios may have signiﬁcant beneﬁt. Additionally, by
utilizing technology-based preoperative risk stratiﬁcation
models, we may be able to identify patients that are at
particularly high risk of severe complications following
surgery. Medical teams may then be able to titrate patient
care and institute clinical pathways to mitigate operative
risk. Examples of this include preoperative cardiovascular
risk assessment and deep vein thrombosis prophylaxis
protocols. Recent work from our group suggests that the
majority of severe complications occur within 48 hours of
surgery. Taken together, there are numerous avenues for
improvement in recognition and prevention of complica-
tions following AAA repair.
Over a time period encompassing rapid growth in the
utilization of EVAR, our mortality estimates for open and
endovascular repair mirror outcomes in the EVAR-1 trial.15
With this in mind, our study has several limitations.
Although our hospitals include a wide range of hospital
size and resource characteristics, they are collected within
the state of Michigan and may have inherent geographic
bias. Additionally, data from our cohort were collected
during the rise of EVAR. Because of this, the inherent
“learning curve” for new technology may explain some of
the variation in mortality and FTR during this time period.
TheMSQC also employs a case-sampling technique for data
collection. Uncollected cases may affect volume-outcome
relationships; however, we feel that this bias is likely to be
small. As in all FTR analyses, FTR is calculated as an unad-
justed value, limiting the ability to draw strong conclusions
regarding FTR and volume associations. Despite this, the
correlations between FTR and mortality are compelling to
set the stage for further study in the area. Finally, inclusion
of the highly variable presentation of ruptured AAAs could
introduce some variability in our study. These cases have
extremely high baseline morbidity and mortality risks, and
FTR may be unavoidable in some circumstances.
CONCLUSIONS
Severe complications following AAA repair are common
and occur in nearly 50% of OAR patients. Although much
less frequent than OAR, complication proﬁles are similar
following EVAR, reminding us that diligence is still required
for this seemingly “safer” operation. Careful attention to
the recognition and early management of complications
may offer a golden opportunity for improving outcomes
following EVAR and OAR. Although primary prevention
of these complications has proven value in improving
outcomes, focusing our efforts on recognition and treat-
ment of complications may offer another avenue for QI.
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Supplementary Table (online only). Speciﬁc complication deﬁnitions
Complication Deﬁnition
Acute renal failure In a patient who did not require dialysis preoperatively, worsening renal dysfunction postoperatively requiring
hemodialysis, peritoneal dialysis, hemoﬁltration, or ultraﬁltration.
Postoperative transfusion Includes red blood cell transfusion within 72 hours of the operation.
Cardiac arrest requiring
CPR
The absence of cardiac rhythm or presence of chaotic cardiac rhythm requiring the initiation of any
component of basic or advanced life support
DVT requiring therapy Identiﬁcation of a new blood clot within the venous system. May be superﬁcial or deep but must require
therapy (anticoagulation or vena caval ﬁlter). Diagnosis by duplex ultrasound, venogram, or computed
tomography scan.
Myocardial infarction One of the following:
Electrocardiogram changes
1) ST elevation >1 mm in tow or more contiguous leads
2) New left bundle branch block
3) New Q-wave in two or more contiguous leads
Troponin elevation
1) Elevation of >3 times the upper limit in setting of suspected ischemia
Physical diagnosis of myocardial infarction
Prolonged ventilator
(>48 hours)
Total ventilator dependence of >48 hours (cumulative) within 30 days following surgery
Pneumonia Must meet radiographic and signs/symptoms guidelines
Radiographic
New/progressive inﬁltrate
Consolidation or opacity
Cavitation
Signs/symptoms
Fever >38.0 C
Leukopenia or leukocytosis (<4000 or >12,000)
For adults >70 years old, mental status changes
and two of the following
- New sputum production
- New or worsening cough, dyspnea or tachypnea (>25/min)
- Rales or rhonchi
- Worsening gas exchange (desaturations, increased O2 requirements, etc.)
Pulmonary embolism As diagnosed by computed tomography angiogram, transesophageal echocardiogram, pulmonary angiogram,
or high probability V/Q scan with symptoms.
Sepsis As per Centers for Disease Control, >2 systemic inﬂammatory response syndrome guidelines
Unplanned reintubation Required placement of endotracheal tube because of acute onset respiratory or cardiac cause
Septic shock Meet sepsis criteria plus organ failure
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